Resumen
Objetivo. Describir la progresión de las limitaciones en actividades de la vida diaria en la población mexicana de 60 años o más e identificar cómo diversos factores sociodemográficos y de salud afectan estas progresiones. 
Transitions in ADLs in Mexico
Artículo originAl H ealth and functional capacity decline naturally as a person ages. This loss results in a rise in dependency and higher mortality rates. 1 Declines in functionality can also lead to more severe health problems that may affect the elderly and their relatives' quality of life. 2 One way of assessing the health status of older adults is through a functional evaluation able to identify their potential difficulties in performing common daily activities.
Basic Activities of Daily Living (hereafter ADLs) refer to routine activities that are essential to survival and independence and have generally been used as a tool to assess whether or not a person requires help performing daily self-care activities (such as dressing, bathing, eating, among others), especially in old age. 3 In addition to evaluating an elder's level of independence, ADLs can also be a predictor of successful aging. 4, 5 The epidemiologic and demographic transition brought fast-paced changes to Latin America, with sharp declines in mortality and fertility rates. 6 Mexico is no exception to these patterns. Life expectancy increased from 32 years in 1920 to 74 years in 2000. 7 The older adult population (aged 60 or older) has grown as well, from 6.9% in 2000 to a projected 15% in 2027. 8 This is a faster pace than the one followed by developed countries like the United States, where it took 80 years to grow from 7 to 15% (reached in 1980), and Japan, where it took 38 years to reach it (a process that ended in 1985).
Aging in Mexico and other developing countries comes with a magnified impact because when the population ages rapidly over a relatively short period of time, economic and institutional infrastructures are incapable of keeping up with the aging process. 9, 10 Further, rural population faces more complications than its urban counterpart by having limited access to healthcare services and being at greater risk of social isolation.
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Disability has been associated with factors like age and gender 12 and several diseases like diabetes, heart attacks, or strokes. 13 It is a relevant topic because, in addition to impacting the individual's quality of life, has an effect on the socioeconomic and health system of a country and creates the need for an effective public health policy. 14 Our hypothesis is that the number of limitations in activities of daily living faced by the elderly population in Mexico will be impacted by socioeconomic and health care conditions like age, gender, location, as well as depression and verbal cognition, among others. The purpose of this paper is to provide an overview of these limitations in ADLs by describing their progression in the Mexican elderly population.
Materials and methods

Sample
Data are from the Mexican Health and Aging Study (MHAS), a prospective panel investigation of health and aging in Mexican people. The sampling frame was obtained from a pool of individuals aged 50 or older who responded the 2000 fourth trimester Encuesta Nacional de Empleo (National Employment Survey). In this survey, 11 000 households with at least one resident aged 50 or older were available from which to select participants for the MHAS baseline sample. If two residents aged 50 or older lived in the household, one was randomly selected. Further, if the selected person was married or in a consensual partnership, then the spouse or partner residing in the same dwelling was also interviewed regardless of age. For the second and third interviews, if the initial resident was unavailable for the follow-up survey due to illness, hospitalization, or temporary absence, a proxy interview was conducted. A unique feature of the MHAS is that the sample included oversamples from Mexican states with high percentage of migrants to the United States. 15 The baseline data, consisting of 15 186 in-person interviews, were collected in 2001 (response rate of 92%) with follow-ups in 2003 (response rate of 93%) and 2012 (response rate of 88%). The database includes information on the participant's economic situation, education, living arrangements, marital status, and social network, as well as self-reports of functional capacity and chronic conditions. The MHAS also provides detailed health characteristics, such as limitations with basic and instrumental activities of daily living, cognition, depression, and mobility. 15 (ADLs), 16 a scale that ranges from 0 to 5 and indicates if the respondent needs help to perform any of the following five functions: bathing, dressing, eating, toileting, and transferring in and out of bed. Each variable was dichotomized and the respondent was assigned a value of 0 if help was not required. If the respondent received any help to perform these activities a value of 1 was assigned. Additionally, we faced the challenge of respondents who answered that they "cannot do" or "does not do" the activity. As seen in previous literature, 17 respondents who fell in these categories were recorded as 1 and 0 otherwise.
Socioeconomic and health covariates
Covariates at baseline include the following: age, coded as a continuous variable and including only respondents aged 60 or older; gender, dichotomized as female (=1) and male (=0); level of urbanization, dichotomized as less urbanized (=1) and more urbanized (=0) (in this variable, less urbanized refers to a respondent who lives in a community of less than 100 000 inhabitants); education, divided into four variables, measuring whether the respondent had no education at all, did not complete elementary school (between one and five years of schooling), completed elementary school (six years), or had more than six years of schooling; and monthly income, using the imputations done by Wong and Espinosa 18 and then divided into four variables measuring whether the respondent had zero or negative income, reported earning less than 5 000 Mexican pesos (less than 328 dollars under current exchange rates), reported earning between 5 000 and 9 999 Mexican pesos (between 328 and 776 dollars), or reported earning 10 000 Mexican pesos or more (over 776 dollars). We also included: number of depressive symptoms, measured as a score 0-9 with the nine symptoms asked in the MHAS using the Average Center for Epidemiologic Studies of Depression (CES-D) score; self-rated health, measured as poor versus all other values (fair, good, very good, and excellent); and cognition, where we included an average of two cognition tests measuring immediate verbal recall and delayed verbal recall (range 0-8), based on previous work by McArdle et al. 19 and by Lei et al. 20 Finally, we included the number of limitations in ADLs at baseline captured by three variables, indicating zero; one or two, or three or more limitations.
Methods
Descriptive statistics were stratified by gender. In addition, we assumed the ADL score to follow a natural order. 21, 22 We computed an ordinal logistic regression to predict the average ADL score in 2012 using baseline covariates. The model includes sociodemographic variables such as age, gender, education, level of urbanization, and income. Further, the model also includes three health-related variables such as self-rated health, CES-D score, and the average combined verbal recall score. In constructing the regression model we further excluded 567 subjects who had missing information in multiple covariates so they could not be included in the regression performed through Stata/SE 13.1. The sample size for this analysis was 2 777 respondents aged 60 or older at baseline. In addition, an ancillary analysis was conducted with a zero-inflated Poisson regression* and the results (not shown) were fairly similar to the one reported here.
Results Table I presents baseline descriptive characteristics of Mexicans aged 60 or older stratified by the number of limitations in ADLs in 2012 for the total and by gender. On average, those with three or more limitations were almost five years older than those with zero limitations. Further, among those with no education the percentage of respondents with three or more limitations (11.6%) was higher than the percentage of respondents with three or more limitations in the rest of the educational categories. Around 30% of the respondents that reported earning less than 5 000 Mexican pesos had at least one ADL limitation. Finally, among persons with at least one ADL limitation a higher percentage of women reported having poor health than men. This was not the case if the respondent had no limitations, with men self-reporting worst health than women. Figure 1 presents the prevalence of ADL limitations by wave and gender. This serves as a snapshot to show which activities present the most difficulty for males and females in Mexico. In all three rounds of the MHAS, dressing is the activity that more waves have issues performing. At baseline, 7.3% of the males and 9.3% of the females in our sample reported needing help getting dressed. In 2012, these numbers increased to 13.5% for males and 18.1% for females.
Transferring in and out of bed is the second most prevalent ADL. In 2001, 5.1% of males and 7.8% of females reported having difficulties and needing help * The average ADL score is a variable that has an excess of zeros for respondents with no limitations. Zero-inflated Poisson and zero-inflated negative binomial regressions are two alternatives when dealing with this overdispersion of zeros. However, the former performs better when the variance is relatively close to the mean, while the latter is best suited for a variance much larger than the mean.21,23
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Artículo originAl with this activity. Eleven years later, these numbers increased to 7.8 and 13.5% for males and females respectively. Finally, bathing/showering and using the toilet come as a close third for both genders. At baseline both activities showed about 3.5% of males and 6% of females having limitations performing these ADLs. In 2012, these numbers increased to around 5% for men and 10% for women. Transitions from healthy living to disability have been a major focus of health services providers.
27 Figure  2 presents the distribution of cases according to the number of limitations in ADLs at baseline and then at the 11-year follow-up. Around 43% of the respondents who reported having no limitation in any ADL in 2001 remained without any 11 years later. In contrast, around 46% of the respondents with no limitations in 2001 showed a decline in health by reporting one or two limitations (11.1%), three or more (3.4%), or were dead by the 2012 follow-up (31.5%).
The same analysis can be done for those respondents with three or more ADL limitations in 2001. A little over 20% of the respondents who reported having three or more limitations at baseline showed significant improvement in their condition 11 years later, reporting no problems with any ADL (9.4%) and one or two limitations (11.1%). In contrast, around 67% of the respondents with three or more limitations in 2001 reported no change or were dead by the 2012 follow-up. Table II presents an ordinal logistic regression for baseline covariates of the ADL score at the 2012 follow-up. Sociodemographic and economic variables at baseline, such as age and gender, seem to have an impact in the ADL score in 2012. In contrast, only completing more than six years of schooling implies a reduction of the probability of having a higher ADL score in 2012.
The inclusion of baseline health and function variables such as self-reported poor health (1.69), previous ADL score (1.54), and CES-D score (1.09), all increase the chance of having a higher ADL score in 2012, while the effect of the combined verbal recall was not significant.
The results from the regression can be presented graphically. Figure 3 shows the predicted probability of having a number of ADL limitations in 2012 given a specific ADL limitations score in 2001, holding the rest of the covariates at their means. For example, respondents who had no limitations at baseline have a 79% chance of remaining with no limitations 11 years later and a 21% chance of having at least one limitation. In contrast, respondents who had five limitations in 2001 have a 9% chance of remaining with five limitations in 2012 and a 26% chance of recovering completely and reporting zero limitations 11 years later. It is worth noting that this graph only considers survivors and those respondents 
Artículo originAl with complete information in wave three of the MHAS, thus selection bias might be present since those who died are already excluded from the regression analysis.*
Discussion
The epidemiologic and demographic transition in Mexico (and most of Latin America) brought a faster pace of population aging in these nations, compared to developed countries like the US. Aging in Mexico is a relevant topic because the country has low economic development and a mortality profile that includes infectious and parasitic diseases as well as an increase in the prevalence of chronic conditions. The inefficient infrastructure and an inadequate health system to support the demands of older adults, combined with a population that is aging rapidly, may present serious economic challenges to a country like Mexico. As health and functionality decline with age, dependency increases. In Mexico, the elderly tend to live with extended family and rely on that familial support. 28 However, large inequality gaps across the country might hinder this support, affecting the level of independence of the Mexican elderly. A common tool to monitor the health status of older adults is through a functional evaluation that can identify potential difficulties in performing everyday activities. In addition to evaluat- ing an elder's level of independence, ADLs can also be a predictor of successful life at old age. We used ordinal logistic regression to examine the association between the 2012 ADL limitations score and other covariates such as age, gender, income, selfreported health, depression and cognition scales, education, and the number of ADL limitations at baseline in a sample of older Mexican adults. Several relevant points emerge from the analysis.
First, our results suggest that both older age and being female increase the odds of having a higher ADL limitations score at the 11-year follow-up. Second, in a somewhat surprising result, income turned out to be not significant despite the large income inequality that exists across the country. In contrast, living in a rural community of less than 100 000 inhabitants was associated with a lower ADL score in 2012. Finally, health and function variables such as poor self-reported health, depression, and previous ADL score were associated with a higher ADL score in 2012.
This analysis comes with some limitations. In addition to the selection bias previously described we also faced possible cultural differences among men and women. Mexico has a male-dominated social system in which leadership, money earning, authority, and decision-making issues are traditionally controlled by men. 29 Previous research has shown that masculinity norms and social roles make men more reluctant to ask for help to perform physical activities. 30, 31 If this is the case for Mexico as well, then ADL scores for men might be underreported. Finally, this analysis uses data from a cohort study in an aging population. While the MHAS is nationally representative, the objective of this manuscript is to shed some light into the different ADL limitations faced by the elderly population and how these limitations are affected by a number of covariates and is not intended to draw conclusions on the change in prevalence rates of ADL disability in Mexico.
Further research is needed to confirm these results and to continue exploring the progression of the limitations in performing activities of daily living in the elderly Mexican population. The inclusion of other covariates such as smoking, drinking, chronic conditions (e.g. hypertension or diabetes), among others, might be necessary to determine if these variables have a bigger impact on the number of ADL limitations faced by the elderly in Mexico. In addition, a comparison between Mexico and another developing country, like Costa Rica, seems appropriate, since both countries have experienced similar patterns of population aging but the latter has faced it in a context of lower economic inequality.
